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Abstract 
Group B iron powders with the size range of 44 μm − 88 μm are coated in a spouted bed fitted with a draft tube 
using polyethylene aqueous solutions. Group B iron powders are coated in a spouted bed coater using draft tubes of 
4 different diameters and 2 different positions (i.e., entrainment length). The surface coating of Group B powders 
was qualitatively confirmed by SEM-EDS and quantitatively evaluated by TGA. The effects of the draft tube 
diameter and the entrainment height on the coating efficiency are investigated. The results show that the amount of 
coating increases with the increasing of the entrainment length and is less affected by the draft tube diameter. The 
maximum coating mass fraction achieved in our system is approximately 0.78 wt%. 
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1. Introduction 
Soft magnetic composites (SMCs) are ferromagnetic powders coated by electrically insulating materials and are 
frequently applied to electromagnetic insulations. SMCs are three-dimensional isotropic magnetic showing high 
frequency performance, very low eddy current loss and relatively lower total core loss at medium and high 
frequencies, and SMCs can be designed to complex shapes by using different particle sizes and insulators [1]. One 
of the most popular methods for SMC preparation is the sol-gel method. However, sol-gel method requires high 
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temperature processes and the evaporation of solvents to form the insulation coating [2]. In this work, a spouting bed 
fitted with a draft tube is used to form the insulation coating on iron powders. 
Due to the good solid-gas contacts and excellent heat and mass transfers within the bed, spouted beds are 
commonly utilized in the particle surface coating process. The sprayer can be fitted over or under the particle 
fountain region [3−6]. A spouted bed with a draft tube is a modification of the conventional spouted bed, which 
improves the operational flexibility and applicability. The addition of a draft tube enhances the spouted bed 
performance by reducing the maximum static bed height, lowering the gas flow rate and pressure, and easily 
controlling the solid circulation [7−8]. The inlet gas velocity, the solid circulation frequency, the temperature of the 
spouting gas and the binder solution feeding rate affect the quality of particle coating [9]. 
The spouted beds are usually applied to relatively coarse particle surface coating [10] and only very limited work 
has been carried out to study fine particle (say Group B particles in Geldart’s classification) surface coating using a 
spouted bed [11]. In the present work, polyethylene insulation layer is coated on Group B iron powders in a spouted 
bed with a draft tube. The effects of the draft tube diameter and the position of the draft tube on the quality of 
particle surface coating are investigated. 
2. Experimental 
Fig. 1 shows the experimental apparatus. The spouted bed consists of a Perspex cylindrical column, a stainless 
steel conical section, a nut fixed in the central of the bed for draft tube fitting and a spraying nozzle located under 
the draft tube. The pressure drop across the bed is measured by a differential pressure transmitter (SMAR, LD-301) 
at the central of the system. The pressure drop across the bed was measured with one end 5 mm above the gas 
distributor and the other end at 140 mm above the gas distributor (i.e., at the top of the draft tube). The transmitter 
sends current signals (4−20 mA) to a data acquisition card (ADVANTECH, USB-4718), which is connected to 
personal computer where the data are registered. 
The core particles of SMC used in this research work are Group B iron-base (greater than 90%) FeAlSi 
composite powders with the size range of 44μm−88μm. The coating solution is the mixture of 5 wt% waterborne 
polyethylene resin (HORDAMER PE 34), 95 wt% de-ion water PE and trace emulsifiers. The experimental 
conditions and the dimensions of the apparatus are shown in Table 1. 
 
 
Fig. 1. Experimental apparatus. 
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Table 1. Experimental conditions 
Spouting system 
Cylinder diameter DB (mm) 240 
Cylinder length LB (mm) 350 
Cone base diameter DC (mm) 52.86 
Cone base length LC (mm) 150 
Cone angle γ (°) 60 
Entrainment length LT (mm) 30, 40 
Inlet air velocity u (m/s)  0.789 
Draft tube 
Inside diameter DD (mm) 27.28 (A), 42.89 (B), 52.86 (C), 69.35 (D) 
Tube length LD (mm) 100 
Particle 
Size DP (μm) 44−88 
Loadings WP (g) 200, 500 
Coating process 
Atomizing air pressure Pair (psi) 1 
Coating solution flow rate QL (g/min) 0.49 
Coating time tC (min) 30 
Drying time tD (min) 30 
 
The 200 g or 500 g iron particles were loaded to the system. Air with the given inlet gas velocity was heated to 
the desired temperature and introduced the system. When the bed reached to a steady spouting state, the coating 
solution with the pre-set flow rate and atomizing pressure was sprayed into the system. The particles were coated 
until the desired coating time was reached. The coating solution stopped supply and the particles were then dried in 
the bed with a spouting state until the 30 min drying time was reached. The coated particles were removed from the 
system and analyzed by thermal gravimetric analysis (TGA) using nitrogen as the carrier gas, scanning electron 
microscopy (SEM) and energy dispersive spectrometry (EDS). 
3. Results and discussion 
3.1. Spouted bed operation before binder coating 
The minimum spouting velocities of the bed, ums, are determined without the spraying of coating solution and the 
atomizing air through the pressure drop across the bed [12]. ums as functions of the draft tube diameter and the 
entrainment length are shown in Fig. 2. 
 
 
Fig. 2. The effects of the diameter of the draft tube and the entrainment length on the minimum spouting velocity (Wp = 500 g). 
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In a steady spouted bed operation, particles in the annulus region flow steady into the spouting region, be 
delivered through the draft tube, spout and fall back into the annulus region. The diameter of the draft tube changes 
the ratio of the air flowing through the inside the draft tube to that flowing through the annulus region. When the 
diameter of the draft tube increases, more air flowing through the inside of the draft tube and the particles are more 
easily to be spouted. Therefore, ums decreases when the draft tube diameter increases from 27.28 mm to 69.35 mm 
with an entrainment length of 30 mm. While ums decreases with the increasing of the draft tube diameter with an 
entrainment length of 30 mm, ums is roughly independent to the draft tube diameter when the entrainment length is 
40 mm. With a shorter entrainment length, the draft tube is closer to the gas distributor and hence the distribution of 
the inlet gas is more easily to be affected. In our system, draft tubes with 40 mm entrainment length do not affect the 
distribution of the inlet air.  
Sari et al. [13] indicated that a stable spouted bed should be operated with an inlet air velocity 1.2 to 2.1 times of 
ums. From the results in Fig. 2 and [13], an inlet air velocity of 0.789 m/s was selected. The influences of the 40-mm-
entrainment-length draft tube diameter on the pressure drops across the bed with and without the nozzle spraying air 
are shown in Fig. 3. The pressure drops across the bed slightly increases with the increasing of the draft tube 
diameter from 27.28 mm to 52.86 mm and then decreases from 52.86 mm to 69.35 mm. As the diameter of the draft 
tube increasing, more air flowing through the inside of the draft tube, spouts more particles and causes the 
increasing of the pressure drop across the bed. However, when the draft tube diameter is too large (i.e., 69.35 mm in 
our system), cross sectional area of the annulus region is too small to allow particles in the annulus region to flow 
steady down into the spouting region. Fewer particles are spouted in the system causes the decreasing of the 
pressure drop across the bed. Due to the increasing of the spraying air pressure, particles in the annulus region do 
not easily flow down into the spouting region. Therefore, the pressure drop across the bed decreases about 20 
mmH2O to 30 mmH2O when the spraying air is added to the system. 
 
 
Fig. 3. The pressure drop across the bed of the original spouted bed and the addition of the spraying air (LT = 40 mm, u = 0.789 m/s, Wp = 500 g). 
3.2. The analysis of the coated particles 
The amount of the insulation layer was determined by TGA and the results are shown in Fig. 4. From the TGA 
results of the coating solution in Fig. 4(a), the decreasing of the mass of the coating solution includes two steps: the 
removal of water before 100°C and the beginning of the decomposition of polyethylene around 350°C. In Fig. 4(a) 
and Fig. 4(b), the removal of surface water from the particles is almost completed. The maximum particle coating in 
our system with 30 mm and 40 mm LT are 0.38% and 0.78%, respectively. However, the amount of the binder 
coating does not show monotonic relation to the draft tube diameter. The amount of the coating solution on the 
particle surface could be realized from the pressure drop across the bed with the spraying air addition in Fig. 3. A 
low pressure drop across the bed in the system with the spraying air in Fig. 3 means that few particles are being 
coated and delivered into the draft tube in Fig. 4(b) when D draft tube was applied. With an entrainment length of 30 
mm, the amount of the coating solution on the particle surface also corresponds to the pressure drop across the bed 
with the spraying air addition (not shown here). 
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(a)                                                                                         (b) 
          
Fig. 4. TGA plots of the coating solution and the coated particles: (a) LT = 30 mm, (b) LT = 40 mm 
 
Figs. 5 and 6 show the SEM images and EDS mapping of iron and carbon of the particles before and after 
spouted bed coating, respectively. From the SEM photos, the iron particles have irregular shapes. Before coating, 
there is no carbon on the particle surface. From the results in Fig. 6, the deposition of carbon (from polyethylene) on 
the particle surface is confirmed. 
 
 
Fig. 5. SEM image and EDS mapping of Fe and C of the particles before coating. 
 
 
Fig. 6. SEM image and EDS mapping of Fe and C of the particles after coating. 
 
4. Conclusion 
The surface coating of Group B iron particles in a spouted bed fitted with a draft tube was studied. The diameter 
of the draft tube changes the ratio of the air flowing through the inside the draft tube to that flowing through the 
annulus region. The minimum spouting velocities of the iron particles decreases when the draft tube diameter 
increases from 27.28 mm to 69.35 mm with an entrainment length of 30 mm. As the diameter of the draft tube 
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increasing, more air flowing through the inside of the draft tube, spouts more particles and causes the increasing of 
the pressure drop across the bed. However, when the draft tube diameter is too large, cross sectional area of the 
annulus region is too small to allow particles in the annulus region to flow steady down into the spouting region. 
Therefore, the pressure drops across the bed with an entrainment length of 40 mm slightly increases with the 
increasing of the draft tube diameter from 27.28 mm to 52.86 mm and then decreases from 52.86 mm to 69.35 mm. 
TGA results show that the amount of the coating solution on the particle surface is strong functions of the 
pressure drop across the bed. The maximum coating solution on the particle surface achieved in our system is 
approximately 0.78 wt%. EDS mapping of the coated iron particles confirms the coverage of the coating solution on 
the surface of the particles. The results indicate that the insulation layer of SMC can be realized by draft tube fitted 
spouted beds. 
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